Resistive hose growth for moderate or large skin-depth differs from that derived from a conductivity model. Asymptotic growth is calculated for the Bennett equilibrium, incorporating the inductive component in the plasma return current, with phase-mixing accounted for via the "distributedmass" model. Analytic scalings are checked with numerical solutions of the linearized model. For a ratio of skin-depth to beam radius less than 1/10 the conductivity model appears quite adequate. When this ratio exceeds 1/4 inductive corrections appear.
analytic work relying solely on conductivity models. The existing literature offers no scaling appropriate in the limit of large s k i ndepth, where the inductive component in the plasma return c u r r e n t is important and it is precisely in this regime where n u m e r o u s modern applications of the beam-plasma are to be found. 9 In this work, asymptotic growth is computed including the inductive correction, following a treatment of the slab-beam problem. 
The Laplace transform variable is p and the tilde denotes the Laplace transform. The dimensionless parameter
with k e the plasma wavenumber on-axis, k e 2 = 4 πn e e 2 /mc 2 , with -e t h e electron charge, m the electron mass, and a the Bennett waist. This parameter relates the diffusion time-scale to the collision time,
The conductivity model is recovered by taking the limit ε→ . The decay rate Γ =ν/(1+ε).
From the Vlasov equation one can show that m o m e n t u m conservation takes the form,
where the slosh wavenumber k s is
The term k β is the maximum betatron wavenumber k β 2~2 ν/a 2 γ, w i t h γ the Lorentz factor for the beam, and the Budker parameter ν=I/I 0 , with -I the beam current, I 0 =mc 3 /e~17kA, and c the speed of light.
Evidently the slosh wavenumber k sB = k β /3 1 / 2 derived from t h e conductivity model is relevant only when ε is large (small s k i ndepth). In particular, for small ε the beam centroid experiences n o restoring force. This is due to the assumption of quasineutrality, i.e., the assumption |p|<< ω e . In the large skin-depth limit, t h e macroscopic restoring (or deflecting) force becomes small since t h e plasma return current near the beam becomes small. Previous w o r k does not reveal this dependence of slosh wavenumber on skin-depth, having adopted the limit ε>>1.
Taking a unit initial displacement at z=0, for τ>0, the asymptotic form is, in the limit of a short pulse, k s z>>Γτ ,
where the exponent 
w h e r e
after an inverse Laplace transform of Eq. (1). The kernel is
To obtain the dispersion relation, Eq. (5) is Fourier transformed in z with wavenumber k z =kk β and Laplace transformed in τ to reveal
the susceptibility is just that of Ref.
The conductivity model corresponds to the approximation ε>>|χ| in t h e denominator of Eq. (8) . For large ε, with p scaled by τ D , there is a single solution to the dispersion relation. In general, however, t h e r e is a family of solutions parameterized by ε.
Performing inverse Laplace transforms one can show that
where the contour parallels the real k axis, displaced downward t o avoid poles in the integrand, and p=p(k) is given by Eq. (8).
The saturation amplitude is determined from a saddle-point calculation. Saturation occurs at
and the envelope takes the form
where p r =Rep. 
The exact results are depicted in Fig. 1 
where we abbreviate µ=εln[ε/(1+ε)], and -1≤µ≤0. The constants a r e κ 0 =1, κ 1 =0.4915, κ 2 =0.6525, κ 3 =0.7947, and κ 4 =0.5359.
The results for saturation amplitude and length are compared to those from the numerical solution of Eq. (5) in Fig. 2 , showing fair agreement. Evolution in z for ντ~10.7 is illustrated in Fig. 3 .
We have seen that the effect of the induced current in the large skin-depth limit is to increase the saturation amplitude and length.
For long range propagation, small skin-depth is favored. At the s a m e time, for short range, growth tends to be less rapid, as reflected i n the exponent of Eq. (4). Roughly, when ε>10, the conductivity model should be quite adequate. 
FIG. 3 .
Comparison of evolution in z for for ε=0.5 and ε=2 w i t h ντ~11.
